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Evaluati ng Bti And M ethoprene 
Non-target Risks

An 8-year study
in Minnesota Wetlands



Wetland Challenge:
u Prevent mosquito 

problems, disease
u Meet goals of wetland 

preservation/restoration
u Larval controls:

– Bacteria (Bti, Bs)
– Insect growth regulators 

(methoprene)

As mosquito control  professionals we’ re all familiar with the wetland 
challenge:

We’re asked to prevent mosquito annoyance problems and disease 
transmission,

but in many cases we must also work with land managers who are trying to 
meet goals of wetland preservation or restoration.

To accomplish this we often use bacteria-based larval controls such as Bti or 
Bs, or Insect growth regulators such as methoprene.



Minnesota ± Metro Mosquito Control

u 7-county metro agency
u 2,500 sq. miles
u 60,000 wetlands
u 2.5 milli on residents

Program reviewed annually by 
other agencies:

u What are ecological 
consequences of larvicides?
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In Minnesota, the Metropolitan Mosquito Control District is a 7-county metro 
agency covering 2,500sqaremiles, 60,000 wetlands,  and 2.5 milli on people in 
the Minneapolis- St. Paul area.  Our program is reviewed annually by various 
regulatory agencies.  Fifteen years ago when we switched away from 
conventional to biological larvicides, we were asked about the ecological 
consequences of these new materials.



The District organized a "Scientific Peer Review Panel", an independent panel 
of experts in many fields, to assist in the environmental review.  The focus was 
on the new larvicides Bti and methoprene.  The panel reviewed the existing 
literature, designed lab and field studies to examine the possibili ty of non-target 
effects, and hired independent researchers with funding provided by MMCD. 

Scientific Peer Review Panel

u independent panel of experts  
(entomology, ornithology, wildlife biology, 
aquatic biology, statistics, toxicology)

u organized in 1985  to assist environmental review 
u focus on Bti (Bacillus thuringiensis var. 

israelensis)  and methoprene
u funding provided by MMCD



The panel had two main types of biological concerns. First, there were concerns 
about possible direct effects of Bti and methoprene, that might cause problems 
for aquatic insects, especially chironomid midges, zooplankton (especially 
Daphnia and fairy shrimp), and frogs.  Indirect effects through the food web 
were of concern for other aquatic invertebrates, and wetland birds. 

Biological concerns

u Direct effects
±aquatic insects (chironomid midges)
±zooplankton (Daphnia, fairy shrimp)
±frogs

u Indirect effects: food web
±other aquatic invertebrates
±wetland birds



Before I get into detail describing these studies, let me present to  you  the real 
main characters:  midges.  Midge larvae are present in all sorts of aquatic 
habitats, but are often in more permanent water than mosquitoes, and can be 
found in fish-bearing lakes.  They occasionally emerge in such large numbers 
that they become pests, and both Bti and methoprene are registered for midge 
control, but at much higher doses than that used for mosquitoes.

However, one of the lab studies conducted under the direction of the Panel 
showed that the midgeParatanytarsus was affected by Bti at the same dose as 
mosquitoes, but it took a longer exposure before mortality was evident.

Other studies showed that other genera of midges were much less sensitive.

Lab studies

u Paratanytarsus  
chironomids affected 
by Bti at 1x, with 
longer exposure

u Other genera not as 
sensitive (Kondo et al. 
1995)



The Panel was concerned that the studies in the li terature were only 1-year 
duration, so they designed a comprehensive long-term study to address possible 
chronic and indirect effects.  The study involved 27 wetland sites that had never 
been treated.  These sites were intensively monitored for 3 years, examining the 
zooplankton, benthic invertebrate, and bird populations, and red-winged 
blackbird reproduction.  

Based on these 3 years of observation of untreated sites, the sites were 
characterized and assigned to groups of 3 similar sites.  Within each group, sites 
were chosen randomly to receive either Bti or  methoprene treatments or remain 
untreated.

Sites were treated 6 times per year for 8 years.

Long-Term Study

u 27 wetland sites, never treated
u Studied for 3 years (1988-1990) before 

treatment
u Assigned to groups of 3 similar sites:

± Bti, methoprene, or untreated

u Sites treated 6 times per year for 8 years 
(1990-1998) with Bti or methoprene



0.2 Km

1/8 mile

Example of Study Areas, Wright Co., Minn.

Total: 27 sitesTotal: 27 sites

This is an example of some of the study areas.

The wetlands are in a landscape of lakes, farmland, and some forest and 
pasture.



Bti

Bacill us thuringiensis
var israelensis

u On corn cob granule
u Applied by helicopter
u Dose 5 to 8 lbs/acre
u Donated by Abbott 

Laboratories (Valent
Biosciences)

The Bti used was formulated on corn cob granules, applied by helicopter 
because of the large size of the sites.  

The target dose was 5 to 8 pounds of granules per acre, as we use in operations, 
and the material was donated by Abbott Laboratories, now part of Valent
Biosciences.



u Material sinks through water column
u Larvae feed on spores and crystals
u Control activity for ca. 24 h
u Inactivated by UV light
u Crystal may adsorb to mud

The material sinks through the water column, where mosquito larvae feed on 
the spores and crystals.  Control activity lasts about 24 hours, and then the 
material is inactivated by UV light, although the crystal may adsorb to mud and 
last somewhat longer.  Only mosquito larvae and some related dipterahave the 
gut enzymes necessary to activate the Bti crystals.  



Methoprene 
u JH mimic, inhibits adult 

emergence
u Breaks down rapidly in 

sunlight, soil
u Extended release 

formulations
u Altosid XR-G  sand, active 

period ca. 21 d
u Donated by Wellmark

International (Zoecon)

The other larval control material used in the study, methoprene, is a juvenile 
hormone mimic and inhibits adult emergence. 

It breaks down rapidly in sunlight or soil , so extended release formulations have 
been developed such as thebriquet, pellets, and sand you see here.  

For this study the formulation used was Altosid XR-G sand, which releases 
very low doses for 21 days.  The material was donated by Wellmark 
International.



For the first 3 years of treatments, in 1991 to 1993, the sites were sampled 5 
times per year for zooplankton, benthic invertebrates, red-winged blackbird 
reproduction, and a bird census.  This sampling was done by researchers from 
the Natural Resources Research Institute in Duluth.  In 1997 and1998, the sites 
were sampled again, but this time only for benthic invertebrates.  This later 
sampling was done by researchers from the Lake Superior Research Institute at 
the University of Wisconsin, Superior.  It©s results of these studies that I©m 
presenting today.

Long-Term Study
u 1991-1993, sampled 5 times per year for

± zooplankton
± benthic invertebrates
± red-winged blackbird reproduction and foraging, bird 

census
done by G. Niemi, A. Hershey, L. Shannon, J. Hanowski, A. Lima, R. 

Axler, R. Regal, Natural Resources Research Institute, UM Duluth

u 1997-1998, sampled 5 times per year for benthic 
invertebrates
done by K. Schmude, M. Balcer, A. Lima, Lake Superior Research 

Institute, UW Superior



Core Sampling

The benthic samples were taken from the wetland substrate with a corer, as you 
can see here,

and the contents were mixed together andsubsampled, and then thesubsample
of mud was picked through to remove invertebrates for identification.  This was 
mostly done by undergraduates.



Chironomid midges
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I©ll start with the results for the Chironomid midges, as these were the major 
concern given previous lab results.  This graph shows density per meter squared 
for the two years before treatment, the first 3 years of treatment, and the results 
from the 7th and 8th years of treatment.  

• The first two years, before treatment, were dry and populations 
were generally lower.  

• The populations in all the sites increased in the first year of 
treatment, but in the second and third years the populations in the treated sites 
did not continue to increase, while the populations in the untreated sites 
increased.  

• By 1997 and 1998, there was not a significant difference in 
treated and untreated sites.  
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This graph shows these results in more detail , starting with the Bti sites.  

Total Chironmid density for each of the 5 sampling dates is shown, for each 
year sampling was done, with 95% confidence intervals.

· Treatment dates are shown here, on the bottom.

· No difference in 1991

· In 1992 all start the same, then diverge over the summer

· In 1993, again they all start the same and then diverge again

· In 1997 and 1998, no significant difference

The fact that there was no difference in the later treatments suggests it was not a 
long-term cumulative effect.

So what was different in 1992 and 1993? 

One explanation, especially for the Bti results, is that on-site monitoring 
showed the actual dose applied was much higher than intended in the later part 
of 1992 and in most of 1993.  We©ve looked at the results brokendown by 
subgroups within theChironomidae and found that 

· the most sensitive groups started to show a difference from 
controls before this higher dose, 

· but the less sensitive groups were not different from controls 
until this unfortunately high dose started.  

In 1997 and 1998, when the dose applied was better regulated through a new 
system on the helicopters, the numbers of the least-sensitive groups were 
actually higher in the treated sites, making up for a small deficit in the most-
sensitive groups.
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This graph shows the results from the Methoprene-treated sites.  

· Again, there is No difference in 1991

· In 1992 all start the same, then diverge over the summer

· In 1993, again they all start the same and then diverge again

· In 1997 and 1998, no significant difference

Again, there was no difference in the later treatments suggesting there was no 
long-term cumulative effect.

And again, 1992 and 1993 look quite different from the other years.

When we add the Bti results, you can see that there is a remarkable similarity in 
responses between the materials.

One thing stands out is that the first treatment dates were earlier in 92 and 93.  
When you look at the degree-days accumulated by the first treatment, the 
difference is much larger.  If early season treatment is more likely to have an 
effect, this could explain why results were so similar in both Bti and 
methoprene sites, dispite the different modes of action of these materials.

The first methoprene treatment in 1993 was an unusually high dose, but other 
methoprene treatments were at target levels.

In 1997 we started the year with Altosand at more frequent treatments until the 
extended release sand became available.

We are also examining variables such as water depth or vegetative cover, which 
have been shown in smaller studies to have an effect, but we may not have 
enough data on those to make a good comparison. 



Chironomidae subgroups

Lower on some dates in 1997 and 1998: 
u Chironomini (2 of 10 dates)
u Tanytarsini (2 of 10 dates)
Not reduced in 1997 and 1998:
u Orthocladinae (sig. higher 1 of 10 dates)
u Tanypodinae (predatory)



Other Diptera

u Includes tipulids,
ceratopogonids,
stratiomyids,
psychodids, dixids

u No effect in 1991, 
1997 and 1998

u Lower in 1992 and 
1993
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Coleoptera

u Primarily dytiscid,
hydrophili d, and
scirtid larvae

u Lower in methoprene 
in 1992, both 
treatments in 1993

u No sig. effect in 1991, 
1997 or 1998
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Most of the insects collected in the benthic samples were Chironomidae. 

Many of the others were predatory, such as theColeoptera, and declines in 
these numbers follow those in theChironomids.  Benthic sampling is not a very 
efficient way to capture these mobile insects, so in 1997 we added dip net and 
bottle trap sampling, which also showed no difference between the treated and 
untreated sites.



Other Insects

u Primarily Hemiptera,
Odonata, and
Ephemeroptera

u Lower in methoprene 
in 1992, both 
treatments in 1993

u No significant 
differences in 1991, 
1997 or 1998
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Other sampling shows no effects

u Dip nets (1997)
u Bottle traps (1997)
u Disc samplers (1998)



Total Insects

u No effect on overall 
insect numbers or 
biomass (p>.05) in 
1991, 1997, 1998

u Reductions found in 
1992, 1993
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The non-insect invertebrates, including snails, clams and annelids, varied 
greatly from year to year related to hydrology, but showed no differences 
related to treatment.

Other Invertebrates
u Snails, clams and 

annelids sampled
u Numbers varied 

greatly from year to 
year

u No differences related 
to treatment 



ChironomidaeChironomidae

AnnelidaAnnelida

This slide shows the mean density per meter squared of the various 
invertebrates, not on a log scale this time,

so you can get some idea of what proportion of the fauna each represents.

In 1997 over half the invertebrates found were annelids, and bivalves were as 
common as most of the insect groups.

Chironomids made up half or more of the insects found.

In 1998, which was a more consistently wet year, chironomids made up the 
majority of invertebrates.

It is also clear from this, however, that there is much more difference from year 
to year than there is between treatments.



The first 3 years, zooplankton were sampled in funnel traps.

There was no effect of treatment on zooplankton species richness, or on density, 
size, or reproduction, even in the years when the Chironomid population was 
reduced.

3 year results: Zooplankton

u 120taxa collected in funnel 
traps

u No effect on species richness
u No effect on density, size, or 

reproduction



Bird censuses showed no difference in breeding bird populations, and Red-
winged blackbird reproduction and foraging was not affected by treatment, 
again, even in the years when the insect populations were lower and you might 
expect to see some food web effects.

3 year results: Birds

u 19 species found commonly
u No effect on breeding bird 

populations
u No effect on reproduction or 

foraging in red-winged 
blackbirds



Other short-term field surveys of treated and untreated sites had shown no 
differences in songbirds or red-wing blackbirds, and no difference in tree 
swallow nesting success.  One year yellow-headed blackbirds were lower in 
treated sites.

In another survey, researchers found no difference in tree swallow nesting 
success in treated versus untreated areas.

One difficulty in these studies was they were affected by the major drought 
experienced in the midwest in 1988 and 1989, which reduced the overall 
numbers of mosquitoes and many other invertebrates.

Field surveys: treated, untreated
u No difference in 25 spp. of 

songbirds
u No difference in red-

winged blackbirds 
(yellow-headed blackbirds 
lower in treated)

u No difference in tree 
swallow nesting success



A divided pond study was also tried one year, where researchers imprinted 
ducklings and led them to forage in treated or untreated sides of the pond.  This 
study showed few differences in duckling behavior and no difference in final 
weight.

There was also no significant differences in macroinvertebrates or zooplankton 
in treated versus untreated sectors of ponds.  Again, these studies were done in 
low rainfall years and there was some question about the effect of drought on 
the results.

Divided ponds

u Most aspects of 
duckling development 
not affected

u No effects on 
invertebrates or 
zooplankton 

u Studies affected by 
drought



Lab studies on amphibians showed that growth and survival was not affected by 
methoprene, even at high doses for 100 days.  These frogs were exposed from 
48 hour-old embryos through tail resorption, and were not affected by doses up 
to 240 ppb.  As I mentioned before, our field dose is about 2 ppb.  There was 
some slowing of development with methoprene doses of 720-1230 ppb.

Frogs fed Bti-kil led mosquitoes had no effects.  Originally the panel had 
decided there was no need for amphibian field studies, but when concerns later 
came up about frog malformations in Minnesota,

Lab studies

u Amphibian growth and 
survival not affected by 
methoprene, even at high 
doses for 100 days

u Crayfish and amphibians 
fed Bti-killed mosquitoes 
showed no effects

u Panel: no need for 
amphibian field studies 



Frog field study, 1997-1998

u Collected some 
in wetland 
interior, 
most on edge 
in upland 

done by Catherine M. Johnson and Lucinda B. Johnson, Natural Resources 
Research Institute, Duluth, MN, and Joseph Murphy and Val Beasley, Veterinary 
Biosciences, Univ. of Illi nois, Urbana, IL

a two-year Frog field study was done by researchers from the Natural 
Resources Research Institute and the University of Illi nois.  The long-term 
study sites were surveyed and frogs collected in the wetland interior and mostly 
on the edges of sites, in upland vegetation.



Examination
u 512 frogs, mostly leopard frogs
u No significant difference in numbers or 

malformation rates related to treatment
u High variabilit y between sites

A total of 1356 frogs were examined., mostly leopard frog metamorphs leaving 
their juvenile home for foraging.

There were no significant differences in the numbers, or malformation rates 
related to treatement.  However, there was high variabil ity between the sites.



Conclusions ± Bti and methoprene

u No long-term negative impact on nontarget
insects apparent after 8 years of treatment, 
but effects found in some years. 

u Some chironomid groups were affected, 
but no detectible difference in total 
chironomid biomass due to treatment 
in 1991, 1997 or 1998.

u Effects in 1992 and 1993 most likely due to 
early treatment and high dosage.

So, what conclusions can be drawn from this mass of data about Bti and 
methoprene in wetlands? Let©s start with the insects.

First, there was no long-term negative impact on non-target insects after 8 years 
of treatment, but effects were found in some earlier years.

Some chironomid groups aresensitive to these materials, and were affected, but 
there was no detectible difference in total chironomid biomass in 1991, 1997, or 
1998, these later again after 7 and 8 years of continuous, frequent treatment.

The effects seen in 1992 and 1993 were most likely due to the early treatment 
date and the higher than usual dosage.



Conclusions ± Bti and methoprene
u No direct or indirect effects of 

treatment detected on zooplankton or 
birds, even when insects reduced

u No direct or indirect effects detected 
on frogs

Would reductions in Chironomusand Tanytarsini 
midges affect waterfowl, if other midges increase?

u Large differences in invertebrate density between 
dates, sites, years

In terms of other parts of the food web, there were no direct or indirect effects 
detected on zooplankton or birds, even in the years when the insects were 
affected.

And finally, there were no direct or indirect effects detected on frogs.

There has been some question whether reductions in the most sensitive groups 
of Chironomids would affect waterfowl, if other midges increase.  One study 
showed that some waterfowl in aCaliforiawetland apparently preferred the
Chironomus group, which is also more sensitive, but most seem to be 
opportunistic feeders.

As these studies showed, there are large differences in invertebrates between 
dates, sites, and years, and any predators on this resource would need to be able 
to adapt to a fluctuating numbers.



u Bti and methoprene treatments can 
help prevent mosquito problems 
while still meeting goals of wetland 
preservation

So, can we meet the wetland challenge? This evidence suggests that  

Bti and methoprene treatments can help prevent mosquito problems while still 
meeting the goals of wetland restoration.

I hope this talk has provided you with helpful information as you deal with 
public demands about mosquito control and wetlands.


